Background
In a departure from the previous strategy of immediate defibrillation, the 2005 resuscitation guidelines from the American Heart Association-International Liaison Committee on Resuscitation suggested that emergency medical service (EMS) personnel could provide 2 minutes of cardiopulmonary resuscitation (CPR) before the first analysis of cardiac rhythm. We compared the strategy of a brief period of CPR with early analysis of rhythm with the strategy of a longer period of CPR with delayed analysis of rhythm.
T h e n e w e ng l a n d j o u r na l o f m e dic i n e n engl j med 365;9 nejm.org september 1, 2011 788 O ut-of-hospital cardiac arrest is a common and lethal problem, leading to an estimated 330,000 deaths each year in the United States and Canada. 1 Overall, the rate of survival to hospital discharge among patients with an out-of-hospital cardiac arrest who are treated by emergency medical services (EMS) personnel is low but varies greatly, with rates ranging from 3.0% to 16.3%. 1 This variation in the rate of survival can be attributed partly to local variations in the five key links in the chain of survival: rapid EMS access, early cardiopulmonary resuscitation (CPR), early defibrillation, early advanced cardiac life support, and effective care after resuscitation. [2] [3] [4] [5] [6] Concerted efforts by EMS personnel to strengthen these links have led to only a slight increase in survival rates in recent years.
The traditional approach to out-of-hospital cardiac arrest has been to emphasize early analysis of cardiac rhythm, with delivery of defibrillatory shocks, if indicated, as quickly as possible. It has been suggested, however, that many patients may benefit from a period of CPR before the first analysis of rhythm. 7 The 2005 resuscitation guidelines from the American Heart Association-International Liaison Committee on Resuscitation (AHA-ILCOR) departed from its previous "shock first" strategy by suggesting that responders could provide 2 minutes of CPR before analysis of cardiac rhythm. 3 These changes in the guidelines are supported by the findings of three clinical studies 8-10 but are not supported by two others, 11, 12 and in the 2010 guidelines, the recommendation was modified to say that "there is inconsistent evidence to support or refute" such a delay in the analysis of cardiac rhythm. 13 Therefore, the preferred initial approach remains uncertain. 14 Our objective was to compare two approaches to the timing of CPR by EMS personnel -a brief period of manual chest compressions and ventilations with prompt initiation of rhythm analysis and defibrillation (early analysis) versus a longer period of compressions and ventilations before the first analysis of cardiac rhythm (later analysis).
Me thods

Study Design and Oversight
A detailed description of the methods has been published previously. 15 The Resuscitation Outcomes Consortium (ROC) is a clinical trial consortium comprising 10 U.S. and Canadian universities and their regional EMS systems. 16 The ROC investigators designed the Prehospital Resuscitation Impedance Valve and Early Versus Delayed Analysis (ROC PRIMED) trial to study two randomized comparisons. 15, 17 The first comparison, in which early analysis of cardiac rhythm was compared with later rhythm analysis, is the subject of this article. The second, concurrent comparison, in which the use of an impedance threshold device (ITD) was compared with the use of a sham ITD, is reported elsewhere in this issue of the Journal. 18 Most patients were enrolled simultaneously in both the earlyanalysis-versus-later-analysis component and the active-ITD-versus-sham-ITD component of the ROC PRIMED trial, although the two components had slightly different eligibility criteria. Additional details are provided in the Supplementary Appendix, available with the full text of this article at NEJM.org.
The protocol was approved by the institutional review or research ethics boards at each participating site. The trial protocol, including the statistical analysis plan, is available at NEJM.org. All the authors vouch for the completeness and accuracy of the data and the analyses and for the fidelity of the study to the trial protocol.
Study Setting and Population
The trial was conducted at 150 of the 260 EMS agencies participating in the ROC. The trial agencies were selected because they had the capability to provide advanced cardiac life-support interventions and to record CPR process measures and because they met prespecified quality criteria during an initial run-in phase.
We included all persons 18 years of age or older who had an out-of-hospital cardiac arrest that was not the result of trauma and who were treated with defibrillation, delivery of chest compressions, or both by EMS providers. Persons were excluded if the arrest was witnessed by EMS personnel; if they had a blunt, penetrating, or burn-related injury; if the arrest was due to exsanguination; if they were pregnant; if they were prisoners; if they had an "opt-out" bracelet, indicating that they wished to opt out of the study; if they had "do not attempt resuscitation" orders; if the rhythm analysis was performed by police or a lay responder; or if they received initial treatment by an EMS agency that was not in the ROC. Patients were not required to provide informed consent; according to the regulations of the Food and Drug Administration and the Canadian Tri-Council agreement, this study qualified for exception from the requirements for informed consent because it involved research conducted during an emergency situation.
Randomization
Each of the 10 participating ROC centers (or sites) was divided into approximately 20 subunits, designated as "clusters," according to EMS agency or geographic boundaries or according to defibrillator device, ambulance, station, or battalion. Randomization of clusters was stratified according to site. All episodes of cardiac arrest in a cluster were randomly assigned to one CPR strategy; after a set period of time, ranging from 3 to 12 months, all episodes in that cluster were then assigned to the other strategy. All the clusters were assigned to cross over to the other strategy one or more times during the study at fixed intervals; we estimated that approximately 100 patients would be included during each interval.
Study Intervention
Patients in the early-analysis group were assigned to receive 30 to 60 seconds of chest compressions and ventilations (sufficient time to place defibrillator electrodes) before electrocardiographic (ECG) analysis, and those in the late-analysis group were assigned to receive 3 minutes of chest compressions and ventilations before ECG analysis. The assigned intervention was implemented by the first qualified EMS provider to arrive at the scene (defibrillation-capable firefighter, emergency medical technician, or paramedic). The start and stop times for CPR were recorded by the responders, and the information was supplemented by the recording of defibrillator time.
The training of participating EMS providers emphasized uninterrupted chest compressions except for required ventilations, with compressions and ventilations applied in a 30:2 ratio, and specified that advanced airway devices were to be placed with minimal interruptions to compressions. Every 6 months, the EMS providers underwent some retraining that included written reminders, slide presentations, and Web-based modules. All ROC sites implemented high-quality electronic monitoring of the CPR process with the use of defibrillator hardware and software. Adherence to the protocolspecified performance targets and to the requirements for data submission was monitored throughout the study by a study monitoring committee, which provided regular feedback to sites.
Outcome Measures
The primary outcome was survival to hospital discharge with satisfactory functional status, defined as a score of 3 or less on the modified Rankin scale. [19] [20] [21] This is a validated scale, ranging from 0 to 6, that is commonly used for measuring the performance of daily activities by people who have had a stroke. Lower scores represent better performance; scores of 4 or higher represent severe disability or death. Secondary outcomes were survival to discharge, survival to hospital admission, and return of spontaneous circulation at the time of arrival at the emergency department.
Statistical Analysis
We estimated that with enrollment of 13,239 patients who could be evaluated, the study would have 99.6% power to detect an improvement in the primary outcome from 5.4% with early analysis of heart rhythm to 7.4% with later analysis, assuming a group-sequential stopping rule at a two-sided alpha level of 0.05 with up to three interim analyses (O'Brien-Fleming boundaries). 22 This calculation took into consideration the concurrent ITD portion of the trial, which required the enrollment of 14,154 patients who could be evaluated, in order to have 90% power to detect a 25% difference in the outcome between the two groups in that trial.
Analyses of the primary and secondary effectiveness outcomes were performed on the basis of a modified intention-to-treat principle with data from eligible patients in whom the cardiac arrest was not due to drowning, strangulation, or electrocution and for whom the primary outcome was known. An independent data and safety monitoring board reviewed the data at prespecified intervals and used a group-sequential stopping rule. The primary analysis compared the outcomes between the groups with the use of the Wald statistic for the treatment group in a generalized linear mixed model. 23 The model included random effects for each of the clusters, accommodated the binary distribution of the outcome variable, and used a linear-link function to estimate an absolute difference in risk.
The between-group difference in the primary
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outcome, adjusted for baseline characteristics, was calculated with the use of a multiple linear regression model, with robust standard errors to accommodate clustering and the binary distribution of the outcome. Analyses of binary secondary outcomes and subgroup analyses were performed with the use of generalized-estimating-equation models to estimate differences in risk. 24 Mean scores on the modified Rankin scale were compared between the two treatment groups with the use of a linear model. We conducted further exploratory analyses of the data using kernel density estimators to estimate the distribution of time from the start of CPR to the actual analysis of cardiac rhythm, separately within treatment groups. 25 The association between the primary outcome and the time of cardiac-rhythm analysis was explored with the use of smoothing splines, and confidence intervals were computed with the use of the bootstrap method. 26, 27 R e sult s
Enrollment and Randomization
The first site commenced the run-in phase in June 2007. All the sites stopped enrollment in November 2009, when the data and safety monitoring board recommended that the trial be stopped early because continuing recruitment was unlikely to change the outcome of the study. Of 13,460 patients screened, 10,365 were enrolled, and 10,153 underwent randomization. Of these, 195 were excluded from the data analysis when their cardiac arrest was confirmed to be due to drowning, strangulation, or electrocution, and 25 were excluded because the outcome with respect to the primary end point was unknown. Thus, 9933 patients were included in the primary data analysis (Fig. 1 in the Supplementary Appendix).
Characteristics of the Two Study Groups
The early-analysis group comprised more patients than the later-analysis group (5290 vs. 4643) owing to early termination of the trial. The two study groups were evenly balanced with respect to baseline characteristics except that there were small group imbalances in the distribution of patients across sites (Table 1) ; however, these would not have any appreciable effect on the results because of the cluster-crossover design, which yields treatment comparisons within clusters. Not all the scheduled cluster crossovers had occurred at the time of termination, although each cluster had crossed over at least once. The postrandomization characteristics of the patients in each group are provided in Table 2 . The median time to the analysis of cardiac rhythm was 42 seconds (interquartile range, 27 to 80) in the early-analysis group and 180 seconds (interquartile range, 151 to 190) in the later-analysis group. A majority of patients in each group received rhythm analysis within the targeted range for that group: 68% of patients in the early-analysis group received analysis of cardiac rhythm within the targeted range of 0 to 60 seconds and 60% of patients in the later-analysis group received analysis of cardiac rhythm within the targeted range of 150 to 210 seconds ( Fig. 2 in the Supplementary Appendix).
Primary and Secondary Outcomes
A total of 310 patients in the early-analysis group (5.9%) and 273 patients in the later-analysis group (5.9%) survived to hospital discharge with a modified Rankin score of 3 or less, with a clusteradjusted difference between later cardiac analysis and early cardiac analysis of −0.2 percentage points (95% confidence interval [CI], −1.1 to 0.7; P = 0.59) ( Table 3 ). There was also no significant difference between the study groups with respect to any of the secondary outcomes. An analysis adjusted for potential confounders evaluated the effect of study group on survival and showed a difference of −0.3 percentage points (95% CI, −1.3 to 0.7) between later cardiac analysis and early cardiac analysis (P = 0.61).
Additional Analyses
We conducted a number of prespecified and post hoc subgroup analyses (Fig. 1) and found that the absence of significant differences in the rate of survival between the two study groups was consistent across subgroups. The relationship between the site-specific treatment effect and the site-specific probability of survival overall is shown in Figure  3 in the Supplementary Appendix.
When the outcomes were analyzed on an astreated basis, the rates of survival with satisfactory functional status were 6.0% among the 3982 patients in whom the analysis of cardiac rhythm was performed between 0 and 60 seconds and 5.9%
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791 among the 3115 patients in whom the analysis of cardiac rhythm was performed between 150 and 210 seconds (P = 0.97). In an additional exploratory analysis, we evaluated the rate of survival as a function of the actual time to the first rhythm analysis, regardless of the study group (Fig. 2) . The chance of survival with satisfactory functional status did not improve with increasing time to the first analysis of cardiac rhythm, and among patients with an initial rhythm of ventricular tachycardia or ventricular fibrillation who received CPR from a bystander, the rate of survival tended to decline with increasing time to the first rhythm analysis. None of the other between-group differences were significant. ALS denotes advanced life support, CPR cardiopulmonary resuscitation, and EMS emergency medical services. † The comparison with respect to age was based on 5279 patients in the early-analysis group and 4625 in the later-analysis group. ‡ Obvious causes included, but were not limited to, drug or chemical poisoning and mechanical suffocation (foreign body or hanging). § The comparison with respect to the time from dispatch to first arrival of EMS was based on 5243 patients in the earlyanalysis group and 4601 in the later-analysis group. ¶ The comparison with respect to the time from dispatch to first arrival of advanced life support was based only on the cases for which advanced life support was on the scene (5104 in the early-analysis group and 4490 in the later-analysis group). ‖ The Ottawa-Ontario Prehospital Advanced Life Support (OPALS) group is a group of 7 EMS services and 13 cities in Ontario.
Copyright © 2011 Massachusetts Medical Society. All rights reserved. Implantable cardioverter-defibrillator 130 (9.9) 108 (9.5) * Plus-minus values are means ±SD. The following variables differed significantly between the two groups (P<0.05): time to analysis of cardiac rhythm, pause after shock, compression rate, cardiopulmonary resuscitation (CPR) fraction, dose of epinephrine, and use of sodium bicarbonate. None of the other between-group differences were significant. AED denotes automated external defibrillator, and ITD impedance threshold device. † The CPR fraction is the proportion of each minute during which compressions are given. ‡ A total of 1312 patients in the early-analysis group and 1139 in the later-analysis group were admitted to the hospital. 
Discussion
In this randomized trial, we tested the hypothesis that patients with an out-of-hospital cardiac arrest might benefit from the administration of CPR by EMS personnel for approximately 3 minutes before the first analysis of cardiac rhythm (with delivery of a defibrillator shock as appropriate). We found that there was no significant difference in the rate of survival with satisfactory functional status between the two EMS strategies of a brief period of CPR with early analysis of cardiac rhythm and a longer period of CPR with delayed analysis of rhythm. Subgroup and adjusted analyses also did not show any significant differences in the outcomes between the two study groups. We further explored the relationship between the rate of survival and the actual time to rhythm analysis and found that outcomes did not improve with increasing time to analysis. This finding suggests that there is no advantage of delaying the analysis of cardiac rhythm during EMS-administered CPR. Indeed, the data suggest that there may be a disadvantage of delaying the rhythm analysis in the subgroup of patients with a first rhythm of either ventricular tachycardia or ventricular fibrillation who have received CPR from a bystander. Overall, our data suggest that the administration of 2 minutes of CPR by EMS personnel before the first analysis of rhythm, which was suggested in the 2005 guidelines of the AHA-ILCOR, is unlikely to provide a greater benefit than CPR of shorter duration. The hypothesis that a brief period of initial CPR before analysis of cardiac rhythm could be beneficial is based primarily on the concept that a few minutes of chest compressions may increase myocardial perfusion, thus improving the metabolic state of the cardiac myocytes and enhancing the likelihood of successful defibrillation. 7 Several studies in animals with experimentally induced ventricular fibrillation showed that the outcomes with delayed countershock after a period of chest compressions were better than the outcomes with earlier countershock, 21, 28, 29 whereas other studies failed to show a benefit of CPR before shock. 30, 31 Five previous clinical studies also attempted to 
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evaluate this issue, but all five had limitations involving the design or sample size, and none had findings that were definitive. [8] [9] [10] [11] [12] Cobb et al., 8 in a before-and-after study, showed that the rate of survival increased after the implementation of a policy that required 90 seconds of CPR before analysis of cardiac rhythm when an automated external defibrillator was used. Wik et al. 9 conducted a randomized trial and found no significant difference between the outcomes after immediate defibrillation and those after 3 minutes of basic CPR before defibrillation, but the outcomes in a subgroup with response times exceeding 5 minutes were better after initial CPR than after immediate defibrillation. Randomized trials reported by Jacobs et al. 11 and Baker et al. 12 showed no significant difference in outcomes with early as compared with late defibrillation. Bradley et al. 10 performed an observational analysis and found that CPR by EMS personnel for 46 to 195 seconds before defibrillation was weakly associated with an improved rate of survival.
Given the complex clinical circumstances of out-of-hospital cardiac arrest, precise control of the time to the first analysis of cardiac rhythm is difficult to achieve. In our trial, the duration of CPR before the first analysis of rhythm did not fall within the assigned target for 36% of the patients. Although this observation raises the question of quality control in training and trial supervision, Shown are the results of analyses of the primary outcome (survival to hospital discharge with a score on the modified Rankin scale of ≤3, on a scale of 0 to 6, with higher scores indicating greater disability), according to prespecified subgroups and post hoc exploratory subgroups. The impedance threshold device (ITD) study group refers to a concurrent study (involving most of the patients who were enrolled in this study), in which the use of an active ITD during cardiopulmonary resuscitation (CPR) was compared with the use of a sham ITD. The abbreviation mITT denotes modified intention to treat, VF ventricular fibrillation, and VT ventricular tachycardia.
the participating EMS agencies were high-functioning services with advanced-level paramedics; in addition, they had collected high-quality patient data before the start of the trial, and they made continuous efforts to reinforce performance targets. Thus, although implementation of the protocol was imperfect, it nonetheless represents the degree of precision with which such therapies are likely to be practiced in the clinical setting of out-of-hospital cardiac arrest. Furthermore, despite this limitation, there was very good separation between the two study groups in the duration of CPR, and a variety of data analyses confirmed the primary finding of no significant difference in the outcome between patients who had early rhythm analysis and those who had later rhythm analysis.
Our results indicate that in most cases, the outcome is similar with as few as 30 seconds and as many as 180 seconds of EMS-administered CPR before the analysis of cardiac rhythm. The exception is the case of cardiac arrest witnessed by EMS responders, which was not evaluated in this study and for which rapid defibrillation remains the standard of care. 13 Our results also do not address the strategy of immediate analysis of cardiac rhythm without any preceding CPR, since we deliberately insisted on some CPR for the early-analysis group, in the belief that good patient care required cardiopulmonary support while the defibrillator was being prepared.
Exploratory examination of our data suggests that a strategy of brief CPR and early analysis may be more appropriate than longer CPR and later analysis for patients who have received CPR from a bystander before the arrival of professional responders. Conversely, for patients who have not received CPR from a bystander, there is no approach that is clearly advantageous with respect to the time to analysis of rhythm. The 2010 guidelines of the AHA-ILCOR give little direction as to the preferred period of CPR before analysis of cardiac rhythm. 13 Each EMS system should consider its operational situation when deciding on its strategy for initial EMS-administered CPR. We believe that it is important to administer CPR for some period while the defibrillator pads are being applied and that compressions should be of high quality with minimal interruptions.
In conclusion, in a large clinical trial, we evaluated the timing of the analysis of cardiac rhythm during CPR in patients who had an out-of-hospital cardiac arrest that was not witnessed by EMS personnel. We found no difference in the outcome between the EMS strategy of a brief period of CPR before early rhythm analysis and that of a longer period of CPR before delayed rhythm analysis. The primary outcome was survival to hospital discharge with a score on the modified Rankin scale of 3 or less. The rate of the primary outcome is shown according to the actual time to the analysis of cardiac rhythm, regardless of the study group, among patients who received cardiopulmonary resuscitation (CPR) from a bystander (Panel A) and among patients who did not receive CPR from a bystander (Panel B). In each panel, the rates are shown for patients in whom the first rhythm was ventricular fibrillation (VF) or ventricular tachycardia (VT) (thick solid lines, with 95% confidence intervals indicated by thin solid lines) and for patients in whom the first rhythm was neither VF nor VT (thick broken lines, with 95% confidence intervals indicated by thin broken lines).
